This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not Hmited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J 



Europdlsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

07.01.1999 Bulletin 1999/01 

(43) Date of publication A2: 

15.07.1998 Bulletin 1998/29 

(21) Application number: 98300155.3 

(22) Date of filing: 09.01.1998 



(11) EP 0 853 335 A3 

EUROPEAN PATENT APPLICATION 

(51) Intci6: H01L 21/3105, C09G 1/02 



(84) Designated Contracting States: 


(72) Inventors: 


ATBECH DE DK ES R FR QB GR IE IT LI LU MC 


• Morrison, William Robert 


NL PT SE 


Dallas, Texas 75240 (US) 


Designated Extension States: 


• Hunt, Kyle Paul 


ALLTLVMK RO SI 


Dallas, Texas 75230 (US) 


(30) Prbrity: 10.01.1997 US 35020 P 


(74) Representative: Darby, David Thomas et al 




Abel & imray 


(71) Applicant: TEXAS INSTRUMENTS 


Northumberland House 


INCORPORATED 


303-306 High Holborn 


Dallas Texas 75265 (US) 


London WC1V7LH (GB) 



(54) Slurry and process for the mechano-chemical polishing of semiconductor devices 



(57) This invention is for an improved slurry for shal- 
low trench isolation processing. The improved slurry has 
an enhanced oxide to nitride polish removal selectivity. 
The invention relates to a modified slurry formed by mix- 



ing a polishing slurry with tetramethyi ammonium hy- 
droxide and hydrogen peroxide. In an alternative em- 
bodiment, the modified slurry is formed by mixing a salt 
of tetramethyi ammonium with a base and with hydro- 
gen peroxide to form the modified slurry. 
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(54) Composition for use in a chemical-mechanicai planarization process 



(57) Provided are methods for making a slurry com- 
position, suitable for use in a chemical-mechanicai 
planarization process. Also provided are compositions 
made by such methods. The methods comprise com- 



bining: (a) abrasive particles; (b) a suspension medium; 
(c) a peroxygen compound; (d) an etching agent; and 
(e) an alky! ammonium hydroxide. The methods and 
compositions of the present Invention are particularly 
applicable to the semiconductor manufacturing industry. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application claims under 35 U.S.C. §119 s 
(e) the benefit of provisional application Serial No. 
60/1 49.31 2, filed August 1 7, 1 999, the contents of which 
application are incorporated herein by reference. 

BACKGROUND OF THE INVENTION ^0 

1 . Field of Invention 

[0002] The present invention pertains to novel com- 
positions suitable for use in a chemical-mechanical 
planarlzation process, and methods for making same. 
The present invention also pertains to novel methods 
for planarizing a substrate using chemical-mechanical 
planarlzation. The compositions and methods of the 
present invention are preferably used in the formation 
of a shallow trench isolation structure upon a semicon- 
ductor substrate. The invention has particular applica- 
bility to the semiconductor manufacturing industry. 

2. Description of the Related Art 

[0003] Shallow-trench isolation (STl) structures are 
used to electronically isolate the components in an in- 
tegrated circuit. Conventional processes for fabricating 
STl structures include depositing an oxide layer and a 
silicon nitride layer in sequence over a semiconductor 
substrate. Selected areas of these layers are then 
etched using known techniques, thereby forming 
trenches upon the substrate surface. The silicon nitride 
layer and oxide layer are sequentially etched until a de- 
sired depth in the substrate is reached. An oxide layer 
is subsequently deposited upon the substrate, thereby 
filling the trenches. Chemical-mechanical planarlzation 
(CMP) is then used to planarize the oxide layer, wherein 
the silicon nitride layer is used as a polishing stop. The 
silicon nitride layer is subsequently removed using an 
etchant such as, for example, phosphoric acid. Hy- 
drofluoric acid can also be used as the etchant, for ex- 
ample, for etching materials other than silicon nitride. 
The remaining portfons of oxide (formerly in the trench- 
es) function as isolation structures. 
[0004] A typical problem associated with CMP proc- 
esses used in the formation of STl structures is that por- 
tions of the silicon nitride layer are unintentionally re- 
moved during the planarization of the oxide layer. 
Undesirable effects caused by this removal of the sificon 
nitride layer include, for example, the unintentional re- 
moval of the field oxide from the trench region of the 
device. This can result in the degradation of the electri- 
cal characteristics of the device. Thus, providing a high 
oxide-to-silicon nitride polish rate during the planariza- 
tion of the oxide layer is desirable. However, current 
CMP slurries typically achieve oxide-to-silicon nitride 



polish rate selectivities of less than about 5:1 . 
[OOOS] Another problem In CMP processes relates to 
the uneven polishing of the field oxide layer of the sub- 
strate. Typically, trenches are unevenly distributed on a 
semiconductor substrate. As a result, typical semicon- 
ductor substrates include regions which have a relative- 
ly high density of trenches, and regions which have a 
relatively low density of trenches. Typically, the rate at 
which the field oxide present in the low-trench density 
regions is polished is higher than the rate at which the 
field oxide present in the high-trench density regions is 
polished. Uneven polishing of the substrate can result 
in the degradatbn of the eleotrlcai characteristics of the 
device. 

[0006] Various alternatives have been proposed to 
ameliorate the aforementioned problems with CMP 
processes. For example, the controlled deposition of an 
extra film of silicon nitride on top of the silicon oxide has 
been proposed. See. e.g., Boyd, John M., "A One-Step 
Shallow Trench Global Planarization Process Using 
Chemical Mechanical Polishing," Journal of the Electro- 
chemical Society, Vol. 144, No. 5, p. 1838, May 1997. 
See also U.S. Patent No. 5,923,993. However, use of ^ 
an additional deposition step can increase manufactur- 
ing costs, and substrates produced thereby are typically 
prone to manufacturing defects due to the dependence 
of planarization efficiency upon the thickness of the de- 
posited sacrificial film. 

[0007] Another proposed solution relates to inserting 
dummy active areas between the active areas in the 

substrate. See, e.g., U.S. Patent No. 5,909,628. The 
dummy active areas are generally formed in the same 
manner as the active areas of the substrate, except that 
the dummy active areas are not later developed into ac- 
tive or passive devbes. The dummy active areas are 
inserted in the portion of the substrate which would nor- 
mally be occupied by a field oxide to reduce dishing in 
these areas. Dishing occurs when portions of the sub- 
strate are overpolished, resulting in a non-planarized 
surface. While the insertion of dummy active areas may 
reduce the occurrence of dishing, this method typically 
requires a patterning (lithography) step to create the 
dummy active areas, which thereby increases manufac- 
turing costs. 

[0008] The use of slurries that contain abrasive parti- 
cles which are made of material other than silicon oxide 
has also been proposed. For example, CMP slurry man- 
ufacturers have experimented with using abrasive par- 
ticles made of cerium oxide. The drawbacks of using ce- 
rium oxide include the formation of microscratches on 
the wafer surface. In addition, the treatment and dispos- 
al of used slurries containing cerium oxide abrasive par- 
ticles are not well understood. 

[0009] The related art discloses various slurries for 
use in chemical-mechanical planarization processes, 
for example, in U.S. Patent Nos. 5.728,308; 5,860,848; 
5,938,505; and 6.019,806. However, the related art 
does not disclose the compositions of the present inven- 
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tion. 

[0010] To meet the requirements of the semiconduc- 
tor manufacturing industry and to overcome the disad- 
vantages of the related art, it is an object of the present 
invention to provide a method for malting a slurry com- 
position, suitable for use In a chemical-mechanical 
planarization process, which can provide an increased 
oxide-to-silicon nitride polish rate selectivity. 
[0011] Other objects and aspects of the present in- 
vention will become apparent to one of ordinary skill in 
the art upon review of the specification and claims ap- 
pended hereto. 

SUMMARY OF THE INVENTION 

[001 2] The foregoing objectives are met by the meth- 
ods and compositions of the present invention. Accord- 
ing to a first aspect of the invention, a method for making 
a slurry composition Is provided, suitable for use in a 
chemical-mechanical planarization process. The meth- 
od comprises combining: 

(a) abrasive particles; 

(b) a suspension medium; 

(c) a peroxygen compound; 

(d) an etching agent; and 

(e) an alkyi ammonium hydroxide. 

[0013]. According to another aspect of the invention, 
a method for making a composition is provided, suitable 
for use in a chemical -mechanical planarization process 
wherein an abrasive planarizing surface is used. The 
method comprises combining: 

(a) a peroxygen compound; 

(b) an etching agent; and 

(c) an alkyi ammonium hydroxide. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0014] According to one aspect of the present inven- 
tion, a slurry composition Is formed by combining abra- 
sive particles, a suspension medium, a peroxygen com- 
pound, an etching agent and an alkyi ammonium hy- 
droxide. The slurry compositions of the present inven- 
tion are suitable for use In a chemical-mechanical 
planarization (CMP) process, preferably in the formation 
of a shallow trench isolation (STI) structure upon a sem- 
iconductor substrate. The slurry compositions-are pref- 
erably used in a single -step CMP process and can be 
used with any CMP machine platform, including disk 
and endless belt-type platforms. 
[0015] The present slurry compositions can provide 
an Increased polish rate selectivity with respect to the 
oxide material In comparison with the polish stop mate- 
rial. For example, the slurry compositions can provide 
an increased oxide-to-silicon nitride polish rate selectiv- 



ity during the polishing of a semiconductor substrate. 
[0016] The abrasive particles of the slurry composi- 
tion contribute to the mechanical planarization of a sub- 
strate surface, such as a semiconductor substrate sur- 

5 face, when the slurry composition is introduced between 
the substrate surface and a planarizing device such as, 
for example, a polishing pad. The specific type or types 
of abrasive particles employed typically depends at 
least on the material to be planarized. The abrasive par- 

10 tides can include silicon oxide, aluminum oxide, cerium 
oxide or combinations thereof, preferably silicon oxide. 
[0017] The abrasive particles are dispersed In the 
suspension medium, and are typically present In an 
amount from about 2% to about 50%, preferably from 

IS about 1 0% to about 30%, by the combined weight of the 
abrasive particles and the suspension medium. The 
specific amount of abrasive particles, however, will typ- 
ically at least depend on the particular process that is 
used, and/or the degree of mechanical action desired. 

20 [001 8] The mean diameter of the abrasive particles is 
typically less than about 500 nm, more preferably from 
about 10 nm to about 200 nm. For example, commer- 
cially available colloidal silicon oxide slurries typically 
contain abrasive particles having a mean diameter of, 

2S for example, from about 1 0 nm to about 50 nm. 

Commercially available fumed silicon oxide slurries con- 
tain abrasive particles having a mean diameter of, for 
example, from about 100 nm to about 200 nm. Accord- 
ing to one embodiment, abrasive particles of varying siz- 

^0 es can be used in the slurry composition. 

[0019] The suspension medium is typically present in 
an amount from about 50% to about 98%, preferably 
from about 70% to about 90%, by the combined weight 
of the abrasive particles and the suspension medium. 

35 The suspension medium preferably includes deionlzed 
(Dl) water. The suspension medium preferably has a pH 
of greater than 7, more preferably a pH from about 11 
to about 13. In an exemplary embodiment, the abrasive 
particles are homogeneously dispersed in the suspen- 
se sion medium. The combination of the abrasive particles 
and the suspension medium is typically present in an 
anrK)unt from about 80% to about 95%, preferably from 
about 85% to about 92%, and more preferably about 
88.5%, by weight of the slurry composition. 

45 [0020] According to a preferred embodiment, a com- 
mercially available slurry can be used to provide the 
abrasive particles and the suspension medium of the 
present slurry composition. In this embodiment, the sus- 
pension medium typically includes an alkali material 

50 such as, for example, potassium hydroxide (KOH) and/ 
or ammonium hydroxide (NH4OH). Typically, the alkali 
material is present In an amount from about 0.005% to 
about 0.01%, by the combined weight of the abrasive 
particles and the suspension medium. 

55 [0021] In an alternative embodiment of the present In- 
vention, a composition is provided which does not in- 
clude the abrasive particles. This composition compris- 
es a peroxygen compound, an etching agent and an 
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alkyi ammonium hydroxide. The composition can be 
used in a CMP process which employs a planarizing de- 
vice that has an abrasive pianarizing surface. The 
planarizing device can be, for example, a polishing pad. 
The abrasive surface of the planarizing device provides 
the mechanical planarizing action on the substrate. 
Therefore, including the abrasive particles in the com- 
position is not necessary in this particular embodiment. 
[0022] The slurry composition further Includes a per- 
oxygen compound. The addition of the peroxygen com- 
pound typically increases the oxide-to-siiicon nitride 
polish rate selectivity of the slurry composition. While 
not being bound to any particular theory, it is believed 
that the peroxygen compound oxidizes the surface of 
the material to be planarized, making the surface more 
easily planarized by mechanical action. 
[0023] Typical peroxygen compounds include, for ex- 
ample, hydrogen peroxide (HgOg). ozone (Os), peroxy- 
monosulfuric acid (H2SO5) and persulfates. Preferred 
are high-purity peroxygen compounds, such as hydro- 
gen peroxide produced by the methods and apparatus- 
es disclosed in U.S. Patent Nos. 5,928,621 ; 5,932, 187; 
5,961,947; and 6,001,324. The contents of each of 
these documents are incorporated herein by reference. 
In a preferred embodiment of the present invention, the 
peroxygen compound includes hydrogen peroxide, 
ozone, ammonium persulfate ((NH4)2S208) or combina- 
tions thereof, more preferably hydrogen peroxide. The 
peroxygen compound is typically present in an amount 
from about 0.02% to about 0.2%, preferably from about 
0.07% to about 0.15%, more preferably about 0.08%, 
by weight of the slurry composition. 
[0024] The peroxygen compound is typically present 
in an aqueous solution having a peroxygen compound 
concentration from about 20% to about 40%, preferably 
from about 30% to about 35%, and more preferably 
about 35%, by weight of the aqueous solution. The con- 
centration of the peroxygen compound In the aqueous 
solution typically depends on the peroxygen compound 
that is being used. For example, the concentration of 
ozone in the aqueous solution can be the solubility limit 
of ozone in water at 25 C. The concentration of the per- 
oxygen compound in the aqueous solution can also de- 
pend on the particular application of the slurry compo- 
sition. In a preferred embodiment, combinations of per- 
oxygen compounds can be used to increase the shelf- 
life of the composition. For example, combinations of 
peroxygen compounds can be used to compensate for 
the half-life of ozone in Dl water. 
[0025] The slurry composition can optionally include 
a stabilizing agent which reduces the decomposition of 
the peroxygen compound in the slurry composition. The 
stabilizing agent can include a phosphoric acid, a salt of 
a phosphoric acid, an organo-tin-phosphate or combi- 
nations thereof. Such stabilizing agents are disclosed in 
U.S. Patent Application No. 09/444,715, the contents of 
which application are incorporated herein by reference. 
Exemplary phosphoric acids include a polyphosphoric 



acid (^n^2^rfl3n^^* ^^^)' pyrophosphoric acid 
(E4P2O7), metaphosphoric acid (HPO3) and orthophos- 
phorte acid (H3PO4). A preferred embodiment of the 
present invention Includes the stabilizing agent present 

5 In an amount from about 0.01% to about 0.3%. more 
preferably from about 0.05% to about 0.1%, by weight 
of the slurry composition. The amount of stabilizing 
agent can be varied to provide a higher degree of per- 
oxygen compound stabilization, depending on the par- 

10 ticular application of the slurry composition. 

[0026] In a preferred embodiment of the present in- 
vention, a salt of pyrophosphoric acid, preferably sodi- 
um pyrophosphate decahydrate (Na4P2O7-10H2O), can 
be employed as the stabilizing agent. Sodium pyrophos- 

is phate decahydrate has been found to provide excellent 
results as a stabilizing agent in slurry compositions. 
Alternatively, a different pyrophosphate which is soluble 
in the slurry composition can be employed as the stabi- 
lizing agent, such as potassium pyrophosphate. 

20 [0027] The etching agent etches the surface of the 
material to be planarized, such as a semiconductor sub- 
strate. In a preferred embodiment of the Invention, the 
etching agent comprises a fluoride compound. As used 
herein, the term "fluoride compound" includes any com- 

2S pound which comprises at least one fluorine atom. The 
etching agent is preferably capable of dissociating in an 
aqueous solution to provide fluoride ions or difluoride 
ions. Exemplary fluoride compounds include tetrame- 
thyl ammonium fluoride ((CH3)4NF), ammonium fluoride 

30 (NH4F), hydrogen fluoride (HP), and ammonium blfluo- 
ride, i.e., ammonium hydrogen bifluoride (NH4HF2), and 
combinations thereof. Of these compounds, (GH3)4NF, 
NH4F and NH4HF2 are solids. The etching agent is typ- 
ically present in an amount from about 0.1% to about 

3S 1 .0%, preferably from about 0.3% to about 0.6%, more 
preferably from about 0.4%, by weight of the slurry com- 
position. 

[0028] The etching agent is typically in an aqueous 
solution. The concentration of the etching agent in the 

40 aqueous solution is typically from about 4% to about 
50% by the combined weight of the etching agent and 
the aqueous solution. For example, hydrogen fluoride is 
commercially available in concentrations of about 4.9% 
and about 49%. 

45 [0029] The slurry composition also includes an alkyI 
ammonium hydroxide. The addition of the alkyI ammo- 
nium hydroxide to the slurry composition increases the 
oxide-to-silicon nitride polish rate selectivity thereof. 
While not being bound to any particular theory, the alkyI 

so ammonium hydroxide, particularly the hydroxyl group 
thereof, is believed to provide chemical action which fa- 
cilitates the mechanical planarization of the material to 
be planarized. The alkyI ammonium hydroxide Is typi- 
cally present in an amount from about 0.5% to about 

55 10%, preferably from about 1 % to about 5%, and more 
preferably about 2.4%, by weight of the slurry composi- 
tion. 

[0030] According to a preferred embodiment, the alky! 
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ammonium hydroxide can be tetrabutyi ammonium hy- 
droxide ((C4H9)4NOH), tetraethyl ammonium hydroxide 
((C2H5)4NOH), tetramethyl ammonium hydroxide 
((CH3)4NOH), and combinations thereof, preferably te- 
tramethyl ammonium hydroxide. 
[0031] The alkyi ammonium hydroxide is typically 
present in an aqueous solution. The concentration of the 
alkyI ammonium hydroxide in the aqueous solution is 
typically from about 2% to about 50%, preferably from 
about 20% to about 30%, more preferably about 25%, 
by the combined weight of the alky! ammonium hydrox- 
ide and the aqueous solution. The slurry compositions 
of the present inventton preferably provide an oxide-to- 
silicon nitride polish rate selectivity from about 40:1 to 
about 1 50: 1 . In a preferred embodiment of the invention, 
the oxide layer to be planarized comprises a silicon ox- 
ide layer. 

[0032] The alkyI ammonium hydroxide typically acts 
as a passivating agent. The passivating agent typically 
forms a thin, protective layer on the surface of the sub- 
strate, thereby protecting the nitrWe layer from the 
chemical action of the slurry composition. Other mate- 
rials which provide passivating action can also be in- 
cluded in the slurry composition such as, for example, 
compounds that include at least one alkyI or at least one 
phenyl group. Preferably, such compounds include, for 
example, tetrabutyi ammonium, salts of tetrabutyi am- 
monium hydroxide, salts of tetraethyl amnrranium hy- 
droxide, phenyls that are soluble only in water or aque- 
ous solutions, and combinations thereof. 
[0033] As mentioned above, each of the peroxygen 
compound, the etching agent and the alkyI ammonium 
hydroxide typtoally can be provided in an aqueous so- 
lution such as, for example, Dl water. Also, the suspen- 
sion medium typically comprises water The total water 
content of the present slurry composition typically can 
include the water in these aqueous solutions and the 
suspension medium. 

[0034] The slurry compositions of the present inven- 
tion preferably include a surfactant which enhances the 
wettability of the surface being planarized and reduces 
vibrations caused by the CMP process. Suitable sur- 
factants whk;h can be used in the slurry compositions 
of the invention are known in the art and include, for ex- 
ample, Surfynol 440. 

[0035] Various commercially available slurries can be 
used in manufacturing the slurry compositions of the 
present invention. The slurry that Is employed typically 
includes abrasive particles and a suspension medium. 
Suitable amounts of the peroxygen compound, the etch- 
ing agent and the alkyI ammonium hydroxide are typi- 
cally combined with one of these commercial slurries to 
fornn the present slurry compositions. 
[0036] The compositions of the present invention are 
formed by combining the components thereof. The com- 
ponents can be combined in any order. Typically, the 
abrasive particles and the suspension medium are com- 
bined prior to the other components of the composition. 



Preferably, the components can be combined in the fol- 
bwing order: the abrasive particles, the suspension me* 
dium, the peroxygen compound, the etching agent and 
the alkyl ammonium hydroxide. Techniques and/or 
s equipment known in the art for combining and/or mixing 
materials can be used, particularly techniques and/or 
equipment that are suitable for use in the semiconductor 
manufacturing industry. 

[0037] According to a preferred embodiment, the 

10 components of the composition can be directly intro- 
duced to the substrate surface, thereby forming the 
composition on the substrate surface. For example, the 
composition formed by combining the peroxygen com- 
pound, the etching agent and the alkyl ammonium hy- 

'5 droxide, can be formed in this manner. The components 
of the present composition can be combined In the fol- 
lowing order, the peroxygen compound, the etching 
agent and the alkyl ammonium hydroxide. 
[0038] Alternatively, the composition can be formed 

20 prior to being introduced to the substrate surface. This 
allows the composition to be stored prior to use. For ex- 
ample, the slurry compositions of the present inventbn 
can be formed in this manner. The components prefer- 
ably are combined a short time before being introduced 

2S to the substrate. When storage is necessary or conven- 
ient, the composition is preferably stored below about 
25 C, but above the freezing temperature of the compo- 
srtton. The composition can be agitated prior to use to 
ensure a sufficient degree of mixing. 

30 [0039] The present invention also provides methods 
for planarizing a substrate using chemical-mechanical 
planarization. According to one aspect of the present in- 
vention, a slurry compositbn is introduced to a substrate 
such as, for example, a semiconductor substrate. The 

35 slurry composition is typically introduced between the 
planarizing device and the substrate. The substrate is 
then planarized. A planarizing devbe such as a polish- 
ing pad is typically used to planarize the substrate. 
[0040] In an altemative embodiment, methods are 

^0 provided for planarizing a substrate using a slurry-less 
CI\^P process. In this embodiment, the composition 
does not include the abrasive particles. The composition 
can be introduced to a substrate such as. for example, 
a semiconductor substrate, f^ore preferably, the individ- 

^5 ual, unmixed components of the composition can be in- 
troduced to the substrate. The composition is typically 
introduced between the planarizing device and the sub- 
strate. A planarizing device that has an abrasive surface 
can be used to planarize the substrate. The abrasive 

50 surface mechanically planarizes the substrate surface. 

EXAMPLE 

[0041 ] A slurry composition was formed by combining 

55 the following materials; 

silica particles, 250 g; 
Dl water, 1537 g; 
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35% hydrogen peroxide, 4.5 g; 

49% hydrofluoric acid, 17.5 g; and 

25% tetramethyl ammonium hydroxide, 191 g. 

In this exemplary embodiment, the silica particles and 
Dl water were combined prior to the hydrogen peroxide, 
hydrofluoric acid and tetramethyl ammonium hydroxide. 
[0042] While the invention has been described in de- 
tail with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes 
and modifications can be made, and equivalents em- 
ployed without departing from the scope of the claims: 



Claims 

1 . A method for making a slurry composition, suitable 
for use in a chemical-mechanical planarization 
process, comprising combining: 

(a) abrasive particles; 

(b) a suspension medium; 

(c) a peroxygen compound; 

(d) an etching agent; and 

(e) an atkyi ammonium hydroxide. 

2. The method according to claim 1, wherein the 
chemical-mechanical planarization process is used 
in the formation of a shallow trench isolation struc- 
ture on a semiconductor substrate. 



8. The method according to claim 1 , wherein the per- 
oxygen compound is present in an amount from 
about 0.02% to about 0.2% by weight of the slurry 
composition. 

5 

9. The method according to claim 1 , wherein the etch- 
ing agent comprises a fluoride compound. 

10. The method according to claim 9, wherein the etch- 
10 ing agent comprises a material selected from the 

group consisting of tetramethyl ammonium fluoride, 
ammonium fluoride, ammonium bifluoride, hydro- 
gen fluoride and combinations thereof. 

IS 11. The method according to claim 10, wherein the 
etching agent comprises hydrofluoric acid. 

12. The method according to claim 1 , wherein the etch- 
ing agent is present in an aqueous solution, and 

20 wherein the etching agent is present in an amount 
from about 4% to about 50% by weight of the aque- 
ous solution. 

1 3. The method according to claim 1 . wherein the etch- 
25 ing agent is present in an amount from about 0. 1 % 

to about 1 % by weight of the slurry composition. 

14. The method according to claim 1 , wherein the alkyi 
ammonium hydroxkie comprises tetramethyl am- 

30 monium hydroxide. 



3. The method according to claim 1 , wherein the abra- 
sive particles are formed of a material selected from 
the group consisting of silicon oxide, cerium oxide, 
aluminum oxide and combinations thereof. 

4. The method according to claim 1 , wherein the abra- 
sive particles are present in an amount from about 
2% to about 50% by the combined weight of the 
abrasive particles and the suspensk>n medium. 

5. The method according to claim 1 , wherein the abra- 
sive particles and the suspension medium are 
present in a combined amount from about 80% to 
about 95% by weight of the slurry composition. 

6. The method according to claim 1 , wherein the per- 
oxygen compound comprises a material selected 
from the group consisting of hydrogen peroxide, 
ozone, ammonium persulfate and combinations 
thereof. 

7. The method according to claim 1 , wherein the per- 
oxygen compound is present in an aqueous solu- 
tion, and wherein the peroxygen compound is 
present in an amount from about 20% to about 40% 
by weight of the aqueous solution. 



15. The method according to claim 1 , wherein the alkyI 
ammonium hydroxide is present in an aqueous so- 
lution, and wherein the alkyI ammonium hydroxkie 

^ is present in an amount from about 2% to about 50% 
by weight of the aqueous solution. 

16. The method according to claim 1 , wherein the alkyI 
ammonium hydroxide is present in an amount from 

40 about 0.5% to about 10% by weight of the slurry 
composition. 

1 7. The method according to claim 1 , wherein the slurry 
composition further comprises a stabilizing agent 

4S effective to stabilize the peroxygen compound, 
wherein the stabilizing agent comprises a material 
selected from the group consisting of sodium pyro- 
phosphate, phosphoric acid, an organo-tin-phos- 
phate and combinations thereof. 

so 

18. The method according to claim 1, wherein the slurry 
composition is formed by combining components 
(a), (b), (c). (d) and (e) sequentially. 

55 19. The method according to claim 1 , wherein compo- 
nents (a) and (b) are premixed. 

20. The method according to claim 1 . comprising com- 



55 19. 
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bining: 

(a) abrasive particles formed of silicon oxide; 

(b) water; 

(c) hydrogen peroxide; 

(d) hydrofluoric acid; and 

(e) tetramethyl ammonium hydroxide. 

21. A method for planarizing a substrate using chemi- 
cal-mechanical planarization, comprising the steps 
of introducing the slurry composition made by the 
method of claim 1 to a substrate, and planarizing 
the substrate. 



ammonium hydroxide comprises tetramethyl am- 
monium hydroxide. 

32. The method according to claim 26, comprising com- 
s bining: 

(a) hydrogen peroxide; 

(b) hydrofluoric acid; and 

(c) tetramethyl ammonium hydroxide. 
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33. The method according to claim 26. wherein the 
composition is formed by combining components 

(a), (b) and (c) sequentially. 



22. The method according to claim 21, wherein the 
method Is used in the formation of a shallow trench 
isolation structure on a semiconductor substrate. 

23. A slurry composition, suitable for use in a chemical- 
mechanical planarization process, formed by the 
method of claim 1. 

24. A slurry composition, suitable for use in a chemical- 
mechanical planarization process, formed by the 
method of claim 9. 

25. A slurry composition, suitable for use in a chemical- 
mechanical planarization process, formed by the 
method of claim 19. 

26. A method for making a composition, suitable for use 
in a chemical-mechanical planarization process 
wherein an abrasive planarizing surface is used, 
comprising combining: 

(a) a peroxygen compound; 

(b) an etching agent; and 

(c) an alkyi ammonium hydroxide. 



'5 34. A method for planarizing a substrate using chemi- 
cal-mechanical planarization, comprising the steps 
of introducing the composition made by the method 
of claim 26 to a substrate, and planarizing the sub- 
strate with a planarizing device comprising the 

20 abrasive planarizing surface. 

35. A composition, suitable for use in a chemical-me- 
chanical planarizatton process wherein an abrasive 
planarizing surface is used, formed by the method 

25 of claim 26. 

36. A composition, suitable for use in a chemk:al-me- 
chanical planarization process wherein an abrasive 
planarizing surface is used, formed by the method 

30 of claim 28. 

37. A composition, suitable for use in a chemical-me- 
chanical planarization process wherein an abrasn/e 
planarizing surface is used, formed by the method 

35 of claim 32. 



27. The method according to claim 26, wherein the per- 40 
oxygen compound comprises a material selected 
from the group consisting of hydrogen peroxide, 
ozone, ammonium persutfate and combinations 
thereof. 

45 

28. The method according to claim 26, wherein the 
etching agent comprises a fluoride compound. 



29. The method according to claim 28, wherein the 
etching agent comprises a material selected from 50 
the group consisting of tetramethyl ammonium flu- 
oride, ammonium fluoride, ammonium bifluoride, 
hydrogen fluoride and combinations thereof. 

30. The method according to claim 29, wherein the ss 
etching agent comprises hydrofluoric acki. 



31. 



The method according to claim 26, wherein the alkyI 



